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COMPLETE SPECIFICATION 



Improvements in and relating to the Manufacture of 
Colouring Compositions 



We, CIBA Limited^ a body corpcwrate 
organised according to the laws of Switzerland, 
of Basle, Switzeriand;, do hereby declare the 
invention, for which we pray diat a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particularly 

described in and by the following statement : 

This invention relates to the manufacture 
of colouring compositions by the mixture of 
10 colouring matters in order to match the shade 
of a sample. 

Methods have previously been proposed 
which make it possible to compute for a 
given colour sample, for example, paint of a 

15 particular shade, a bulk-dyed synthetic material 
or a dyed fabric, dyeing recipes which enable 
the sample to be reproduced or closely 
approached using certain known dyestuffs. If 
it is possible for the dyer to appro(ximate to 

20 the given sample shade by means of one 
or only a few dye tests, hisi work can be 
considerably facilitated by such methods, and 
this is of particular importance if dyeing 
according to sample is a frequent necessity. 

25 Furthermore, such a camputing method 
would be especially valuable if it were applic- 
able to a large number of known dyestuffs in 
sudi a way that all these dystuffs could be 
combined with one another at will. The pre- 

30 ference given to a particular dyestuff for ob- 
taining a certain shade depends both upon 
the stipulated properties of fastness and on 
the desired shade. These stipulations and 
possibly economic considerationst usually limit 

35 the choice of dyestuffs to be employed to a 
large extent, and they do so in a different way 
from one case to another. Generally speak- 
ing it will always be possible to find dyestuffs 
which meet the stipulated requirements. In 

40 most cases, however, it would be preferable to 
employ as the main component of the mixture 
[Price 4s. 



a dyestuff that approached the shade of the 
sample. Thus, espedally if there is such a 
dyestuff amongst those eligible, it would in 
practice be an intolerable limitation if one 45 
were compelled by the chosen computing 
method to obtain all shades by employing, 
for example, only three dyestuffs. Methods 
operating on this principle have nevertheless 
been proposed. 59 

Methods that overcome this limitation have 
also been proposed. Some of them provide 
for the rejflectance of the sample to be mea- 
sured at a large number (for example, 10 
to 30) cf wavelengths in the visible spectrum, 55 
and for the required amounts of contemplated 
dyestuffs to be ascertaine^d by calculation in 
such a way that equal reflectance figures are 
obtained for the chosen wavelengths. How- 
ever, these calculations are so complex that 60 
they can only be carried out with a suitable 
computing device. Again, if only a small 
number of wavelengths (for example, only 
three) is employed in such a process, then 
the latter turns out to be too inaccurate if, 65 
as is often the case in practice, the sample 
contains different compcnent dyestuffs from 
those to be employed in the imitation. 

Hitherto, therefore, it has not been found 
possible to find simple colorimetric data for 70 
dyestuffs from which dyers' recipes for the 
dyeing of light-reflecting substrates C3n be 
computed in a comparatively simple way. 

The present invention provides a process 
for the manufacture of a colouring composi- 75 
ticn, which comprises measuring the refieaance 
characteristic (a function of the wavelength), 
throughout substantially the whole of the 
visible spectrum, of a sample to be imitated 
and of one or more component colouring 80 
matters in known concentration, deriving from 
each of the reflectance charaaeristics, by means 
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of a function of the reflectance that is sub- 
stantially proportional to the concentration of 
coloTirmg matter, a transfoamed function of 
"the wave-leugth that is substantiaEy propor- 
tional to the concentration of coloiiring matter, 
replacing the refleaance characteristic in 
standard colorimetric integrals by the said 
transformed function, evaiuatiag the resultant 
integrals and (in respect of the said component 
or components only) dividing the resulting 
values by the coucentration of the respective 
component or components to give three charac- 
teristic colorimetric values for the sample and 
diree characteristic colorimetric values for the 
or each component colouring matter, calculat- 
ing (assuming, if there is more than one com- 
poneut, that the charaaeristic colorimetric 
values are additive) the concentration of the 
component or components required for the 
production of an imitation of the sample, and 
employing the comporjent or components in 
the calculated concentration or concentrations 
to produce a colouring composition suitable 
for producing an imitation of the sample. 

The reflectance characteristics of the sample 
aijd the three component dyestuffs may be 
measured with a spectrophotometer of any 
desired type. Because measurement are made 
throughout substantially the whole of the 
visible spectrum, the refleaance is determined 
as a continuous function R^. ^ the wavelength 
X. 

The requirement that the said function of 
the reflectauce is substantially proportional to 
the concentration of colouring matter means 
that the function may be either directiy pro- 
portional to the concentration or such that 
when the function is expanded in powers of 
the concentration, the terms in second and 
higher powers of the concentration are suffi- 
ciendy small ta allow them to be neglected 
while still obtaiijing a satisfactory result. It 
is advantageously the simple Kubelka-Munlc F 



where F=- 



2R 



(1) 



45 or, preferably, the modified Kubelka-Munk 
function F 



where F=- 



2(l-r)(R-r) 



(2) 



where r is the small residual surface reflec- 
tance of the substrate when dyed completely 
black, the said reflectance r being usually of 
the order of .01 to about .05. Then, if 
the function R of the wavelength (the reflec- 
tance characteristic) is transformed using the 
above formula (2), the function Fa of the 
wavelength is obtained where: 



2(l-r)(RA-r) 



(3) 



Hie value of r is usually dependent to 
seme extent on wavelength, but in practice it 
is permissible to treat it as a constant. * It 
should be noted, however, that the assumed 
value cf r should under no circumstances be 
greater tiian its effective value, because tiie 
accuracy of subsequent calculations would 
otherwise suffer. On the other hand, if the 
employed value of r is somewhat below its 
effective value^ the impairment of accuracy 
will usually be negligible. 

Knowg. methods., standarized by the Inter- 
national Commission of Illumination, employ 
direct integration of the reflectance charac- 
teristic itsdf to produce standard colorimetric 
values. 

X, Y, Z=/R;tEA(x .7.^dA 

herein — ^as it is well known in the art — Ej^ 
represents the radiation function of the illu- 

minant and x, y and z are the CIE 
(Commission Internationale d'Eclairage) distri- 
bution coefficients which characterise any par- 
ticular colour, for example, the shade obtained 
when a particular material t& dyed vnth^ an 
individual dyestuff in a certain concentration. 
If the reflectance characteristic R^. is replaced 
in these colorimetric integrals by the trans- 
formed function Fa and the integral is divided 
by the concentration Ko of the dyestuff, new 
characteristic, values are obtained^ namely 
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L, M, N= S^x Ea (x. y, z,) dA 

Ko 

which characterize the dyestuff as such and 
which can be regarded as being additive. 

The evaluatioii of the colorimetric integrals 
may be carried out by one cf the standard 
methods (for example, weight or selection 
ordinates). Preferably, calculating devices are 
used that are also capable of directiy com- 
puting the function F^ from the reflectance 
characteristic R^. 

The characteristic values obtained are, of 
ccuise, dependent xxpon the nature of the Hlu- 
mination used for the determination of the 
integral and, if the whole calculation is based 
uptM only one type of illumination, for 
example die standard illumination C defined 
by the International Commission of Illumina- 
tion, then there is a danger of producing meta- 
meric shadesi, that is to say, shades that appear 
identical when viewed under Hghting condi- 
tions, corresponding to illiunination C but 
not when viewed under other lifting condi- 
tions. This danger is reduced if the calculation 
is also carried out imder at least one very 
different lighting .condition, for example, the 110 
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standard illumiijatian A defined by the Inter- 
national Commission of Uluminatioin;, and if 
the resultant coloonr values are also taken into- 
account in computing the dyestuff composi- 
5 tion to be used in the production of the 
mutation. 

A valuable feature of the merfiod is that 
It IS possible to take into account the proper- 
ties of the material to be dyed Wc^cYi^ as a 
10 rule, IS not pure white, but which is often 
employed m the form of a non-bleached fibre 
or which may be deh'berately employed as 
a precolooired material or which may develop 
a slight darkening or stain as a result of trest- 
le ment incidental to the dyeing operation. 

The material to be dyed can be taken into* 
account by determining in a separate operation 
the reflectance characteristic of the undyed 
mat&rial or of a blank sample which is sub- 
^i* jccted to the same chemical actions as would 
influence the dyed prpfduct, transforming, this 
(using the same funcdon proportional to the 
concentration) to give a function Fo^ cor- 
responding to the function for the dyestuff, 
^3 and then replacing the function Fa in the 
colorimetric int^als by the difference between 
F.v and F^^. The calorimetric values arc then 
given by 



N= ^/(Fa-F,,OEa 2 dA 

ko 

It is an important and valuable fact that 
tiiese charaaeristic values L, M and N can be 
detenruued once and for all and for the dyeing 
method to be used for the dyestuffs eligible 35 
tor the dyeing operation. At is explained 
herembore, it is advisable to determine, for 
example, two or more ordered triplets of 
charactenstic values, one ordered triplet of 
values relating to the standard iUumination 40 
C and another ordered triplet of values to 
tiie standard iHumination A, which may be 
denoted by Q, Cm, Q. and A^, A^, A Jres- 
pecnvely. Thus, when computing dyers' recipes 
in a way which is furdier explained herein- 45 
after, these characteristic values may be 
assumed as having been calculated already. 

In the computation of a dyers' recipe" an 
advantageous procedure is first to measure the 
refleaance characteristic R^^ based on the 50 
sample, to transform diis with the employed 
function to give F^j,, and to compute there- 
irom the three characteristic values 



L= ^/(Fa-F«.0 E;, X dA 



li=/(Fi.x-F,^) E;, T dX 
nii=/(Fi^-F,..0 E,v 7 dA 



55 




na=/(Fi.A-Fo.A)EA 2 dA 
where Fo^i. is the transformed refleaance func- 
tion of the fabric that is to be dyed. 

Integrals may be evaluated as the difference 
of two integrals, thus: go 



/-^ ^.^^ 

li m,, ni=/Fi^ Ex (x, y, z) dA-/F„.xE,, (x, y, z) dA. 



When the values mi and of die sample 
have been ascertained in this way (preferably, 
for two different types of illumination), the 

65 following procedure may be adopted: 

By way of a test, three dyestuffs am chosen, 
for example one yellow (subscript y), one 
red (subscript r) and one blue (subscript b), 
but it should be noted that when the shades 

70 are not especially pure, it would also be pos- 
sible to employ some different combmations 
such as a yellowish red, a blueish red and a 
gray, provided of course that all the L, M, N- 
values of these shades for a given illumination 

75 are known. 

Then the task of computing the requisite 
concentrations of the contemplated dyestuffs 
for the production of the imitation is reduced 
to the solution of three linear equations with 

80 three unknowns: 

Ky,,Ly+Kr,iL,+KbaU=l, 
Ky.iMy +Kr,iM,-|-Kb.,Mb=mi 
Ky.iNy+Kr,aNr+Ki..aNb=nx, 

where Ky.a.K^.,!, and Kt.i are the required 



concentrations of the yellow, red and blue 85 
dy^tuffs, respectively. 

As it is possible— of course with certain 
exceptions — to match a given sample by means 
of widely different dyestuff combinations, 
whereby according to the selection of the 90 
dyestuffs only metameric dyeings may result 
w^ch, depending on the illumination, may 
differ from the sample to an undesirable 
extent, it is often advisable in order to avoid 
tins effect to compare the remission curve of 95 
the sample with the remission curves of the 
intended dyestuffs, and to select such dyestuffs 
the maxima of which and mim'ma are situated 
at sunilar points of the spectrum and possibly 
even process similar shapes as compared with 100 
the remission curve of the sample. Although 
such a purely qualitative estimation can not 
give any indication concerning the quantities 
of the dyestuffs to be us^d it may be useful 
for selecting the dyestuffs. io5 

If the possibility of metamerism is neg- 
leaed or if metamerism can be expeaed to be 
small, then the computation of the concentra- 
tions of the component dyestuffs in the com- 
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position for use in the production of the 
imitation is complete. It is, however, advisable 
tO' solve the corresponding equations contam- 
iug characteristic values -obtained by using a 
5 ;diffei'ent Id^t -source to give the foUawing 
values (the superscipts A and C refeirmg 
to the illumination conditions): 

Ak \ Ak 3 Ax ^nd 

5-.1 r.i b.l 

Qk j -Qs: 3 Qe 

y,l T.x b.l 

10 If the vertically read values are approxi- 
mately equal (that is to say, if Ak^ y.x 

etc.) to start with^ then the task can be 
regarded as solved. Otherwise, the calcula- 
15 tion can be carried out for other dyestuffs of 
which the characteristic values are likewise 
avaUable, uutil the desired coincidence is 

- ]^^^ple cases the solution thus obtained 
20 may be sufficient. It is, however, advisable to 
make a dyeing test in any case wdth the 
calculated dyestuff concentrations 

Ky.x KrA and Kb.i 

under the contemplated .dyeing conditions, and 
25 to compare this test with the sample. ^ 

If the dyeing test No. 1 thus obtained, 
should for some reason not coincide with, or 
apOTOximate sufficiently dosdy to, the sample, 
thSi the enrors still inherent in the computed 
30 values K^,x. Kr,x and K.,. can be ascertamed 
bv applying the same measunng and ccm- 
putational procedure to the test product. Thus, 
Sie test product is subjected to the same metric 
operation as had previously been apphed to 
35 the sample, and new values are establish^ 
therefrom thich are now given the subscript ^ : 

lo mo no. 

From this, new concentration values 

40 are obtained by solving the corresponding set 
of linear equations. These new concm^tion 
values usually turn out to be shghtly different 
from the originaHy calculated valuesi 

Ky,i KrA and Ki,,i. 

45 The ratios 



55 



7> 



are then found and, espeaaUy when the vancws 
quantities f„ f« fb are approxamatdy equal 
to unity (they may be smaller of greater tiian 
50 unity), a closer approximation to the desu-ed 



concentration values may be obtained by 
multiplying the originally calculated concentra- 
tion -values 

Ky.i Kr,i and K,,,i 

by the quantities f„ f , and ft, respectively. 
If necessary, the corrective process may be 

iterated. . ^ r r j 

The value of the correction factors ty, tr ana 
fb may differ from unity to an appreciable 
extent in certain circumstances, especially with 60 
regard to textile treating agents, batii ratio, 
temperature characteristic, affinity of the dyed 
material to die several dyestuffs etc. f rona the 
process by which the shades of tiie mdividual 
dyestuS were obtained and on which the bulk 6^ 
dyeing process is based. It is therefore advis- 
able to collect correction faaors systemancaUy 
and to take them into account when computing 
the concentration values for the first dyemg 
opetatioii. 

The mediod of the invention is not con- 
fined to dyeing operations using mixtures of 
three dyestuffs. It also serves for computing 
recipes for binary mixtures, and for computmg 
the concentration of a single dyestuff if, in 
exceptional cases, a sample can be matched, 
with only one or two dyestuff s. 

On the otiier hand, it is also feasible with 
this method to compute dyeing recipes com- 
prising more than three components m the 
following cases: ^ 

(a) When the mixture ratio of two or more 
dyestuffs is given, this can be done by calm- 
lating the complementary color values of the 
mixture of these component and caniputing 
the recipe in accordance with the method ot 
the invention, the calculated mixture bemg 
one of the three components. This case is 
of importance, for example, if it is desired to 
reduce the metamerism of the imitation shade 
in relation to that of the sample by employ- 
ing more than three dyestuffs. 

(b) When certain concentrations of one or 
more dyestuffs are given, this can be done 

by deducting the complementary color values 95 
of these ^ven components from the color 
values of the sample and carrymg out 
the computation for the differential comple- 
mentary color values. This case is of unpor- 
tance if a certain .dyestuff is to be employed 100 
with a predetermined concentration (for 
ample, for reasons of price or fastn^s^ mfra- 
red properties etc.) and the sample cannot be 
matched witii only two further components-. 

A process for the manufacture of a dyestuff 105 
composition in accordance with die mvention 
will now be described by-way of example m 
greater detail with reference to the accom- 
panying drawings in which: 

Fig. 1 is a graph showing the percentage 
refleoance R as a function of wave-length; 

Fig. 2 is a graph showing the values of a 
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transformed functioQ F as a function of wave- 
length; and 

Fig. 3 is a graph used in the computation 
of the composition. 

The reflectance characteristic of a sub- 
strate dyed widi a green reactive dyestuff 
processed according to the thermal fixing 
method with 10 grams per liter of padding 
liquor and a squeezing effect of 60% is deter- 
mined in knov/n manner and is represented 

(1-Ro/lOOy 



(for wave-lengths within the range of from 
400 mu. to 700 m/j.) by the curve 2 in Fig. 
1 of the drawing?- The reflectance of the 
undyed substrate is similarly determined and 
is represented over the same range of wave- 
lengAs by the curve 1 in Fig. 1. Denoting 
the reflectance of the undyed substrate by Ri 
and the reflectance of the dyed substrate by 
R-, the modified Kubelka-Mimk function is 
used to fomi a new fimction, 

(l-Ri/100)2 



1.96 (Ro/lOO— 0.02) 

The colorimetric values are m^sured 
according to standard methods, for the standard 
illumination Q and are then divided by the 
concentration Ko=10 grams per liter. The 
final result is 

L=0.1801 
M= 0.0976 
N=0.1357 



1.96 (Ri/lOO— 0.02). 

the relevant units being liters per gram. 

If it should emerge that, for pardcular sub- 
strates, dy^uffs or dyeing processes etc., 
another function that is proportional to con- 
centration gives a more satisfactory result than 
that given by the Kubelka-Moijk function, 
then, for example, the functions of 



PINED, OR PRESTON and TSIEN, or SELLING 



may without difficulty be used instead of the 
Kubelka-Munk function. 

As is apparent from the above description, 
it is quite feasible to carry out the required 
transformations an.d calculations by hand or 
with generally known aids, espedally if it is 
remembered tiiat the characteristic colorimetric 
values for the dyestuffs to be employed can 
be fixed once and for all. 

It is of course of great advantage to have 
available computing devices which can take 
care of the conversion into numerical values 
and of the computations. For example, 
devices are known for solving three lin^r 
equations with three unknowns. A unit which 
employs the modified Kubelka-Muijk fimction 
and serves for computing the characteristic 
values as well as the values 1, m and n of 
both sample and .dyeing tests forms the sub- 
jea of another patent application. No. 
41313/63. 

The solution of the three mixture equations 
containing the three dyestufF concentrations as 
the unknowns can be carried out with the 
aid of a desfe-type computer (matrix inversitm) 
or with the aid of an analogue computer 
especially equipped for this task. 

An espedally simple way of ascertaining 
the dyestuff concentration is the graphic 
method. For this pmrpose, the following values 
must be calculated for each dyestuff: 
S=L+M+N 



70 and the complementary colorimetric values 

Xg=L/S; ys=M/S, 

and, for the sample and the limitations, 
respectively: 



UyH-Vy 



S Pr= 



Ur Ub 

S pb=- 



Ur-hVr 



are measured with a ruler and calculated, or 
found directiy with the aid of a template 
developed specially for the purpose. 

The concentrations of the first combination 
achieve?! will then be 



py 

Si 

Kr.i ^pr 

Sr 



^b,l pb 



15 



20 



30 



35 



and the complementary colorimetric values 75 

Xs=l/s; yg=m/s. 

The values Xs and js of a range of dye- 
stuffs are plotted in a diagram as the abscissae 
and the ordinates, so that each dyestuff is 
represented by a point. Such diagrams may 
for example be duplicated by the dyestuff 
manufacturer and issued to dyers. The values 
Xs and ys of the sample are then entered 
on these diagrams (see Fig. 3), A sample 
can be imitated with three such dyestuffs if 
the point representing the sample is situated 
within the triangle formed by the three dye- 
stuff points. In order to determine the con- 
centrations, the values 
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s=l;-|-m+n 



As stated hereinbefore, the dyer himself 
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does not usually have to determine the charac- 
teristic values for dyesniffs to be employed 
by the colotrunetfic evaluation of shades 
adiieved with those pfarricular dyestujffSj be- 

5. cause these values are characteristic of the 
dyestuffs and may, f or . example^ be indicated 
by the manufacturer. In order further to 
simplify his tasl?, however, the dyer can use 
a color atlas in wMch a large number of hues 

10 are to be found. 

Seme such color atlases are on the market, 
for example DIN or Munsell. To render 
them usable in comiection with the present 
method, it is necessary to determine^, once and 

15 for all, the characteristic values of the samples 
contained in the atlas. Then the dyer can 
compare the sample which he must copy with 
the samples of the coloor atlas and use the 
characteristic values of the nearest sample from 

20 the atlas> or introduce a further improvement 
by interpolation, should the sample be found 
to lie between two samples of the atlas* 

It is also possible to accomphsh the^ correc- 
tion methods that are described hereinbefore 

25 when using such an atlas, because basically 



there is no difference between determining the 
charaaerisric values of the sample to be copied 
directly and determaniDg them indirectly by 
comparison with a sample already evaluated. 
The dyer still has the advantage of being 
able to select such dyestirffs as seem useful 
to him and of being able to obtain, by the 
solution (repeated if necessary) of three 
equations with three unknowns, the required 
quantities of dyestufifs. 

Since it is not necessary, when a color 
atlas is used, to measure the characteristic 
values L, M, N it would be desirable also 
to be able to carry out the correction of the 
first imitation without having to measure the 
characteristic values 1, m, n. Since the 
Kubelka-Munk funcdon, to a first approxi- 
mation, is inversely proportional to the reflec- 
tance, an approximate correction of the charac- 
teristic values of the sample can be calculated 
by using the reciprocal values of the standard 
color values (tristimulus values) of the sample 
as well as those of the first imitation. 

Thus, 
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The approximate standard colorimetric 
values can be determined, for example, by 
55 means of a suitable simple three-filter photo- 
meter. 

If a color atlas is used for calculating the 
recipe, the unloiown characteristic values of 
the sample are replaced by the characteristic 

60 values niatias> Hatjas of the nearest color 
sample in the atias. 

This method of correction is especially valu- 
able for the standard receipe procedure if the 
dyer cannot .determine the characteristic values 

65 1, m, n himself, but has this done elsewhere. 

As the problem involved in non-testile dye- 
ing problems, for example, in the preparation 
of colored lacquers and paints, is always the 
same asi that involved in textile dyeing viz. 

70 to determine the amouts of dyestuffs or pig- 
ments to be mixed in order to match a given 
sample it is obvious that the present pro- 
cess can be used as well for solving non- 



textile problems. It goes without saying that 
a standard test must be fixed for the testing of 75 
paints for example, because the values of 
L, M and N, which are typical for given dye- 
stuffs are dependent on the dyeing or painting 
process to be used as a paint may look 
different depending on its thickness and on 80 
the base on which it is applied, in the same 
way as a textile dyeing made according to the 
padding method certainly depends on the 
squeeze effect actually applied. 

Example 85 
A sample of beige shade on wool was to 
be imitated on cotton by means of reactive 
dyes. According to the method described 
in coimection with Fig. 1, the characteristic 
colorimetric values 1, m anji n of the sample 90 
and of the fabric to be dyed were determined 
and the difference was used for calculating 
the recipe. 

The following values are obtained 
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Sample 

Fabric to be dyed 



1 

1.665 
0.008 



m 
1.627 
0.007 



n 

5.909 
0.018 



The three dyestuif s were : 



Difference 



1.657 1.620 5.891 
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For the dyestuffs to be used the corres- 
ponding values L, M and N had been deter- 
mined in an analogous way. Tiie .dye&tuffs 
were selected in such a way as their com- 
bination gave a good replica of the remission 
curve of the sample. 

S 

Dyestuffs Brown (y) 0.6209 
Red (r) 0.7809 
Blue (b) 0.3492 



A brown 
A pure red 
A pure blue 



L 

0.1008 
0.1602 
0.1705 



M 
0.0926 
0.3811 
0.1468 



N 
0.4275 
0.2396 
0.0319. 



For the graphic determination the following 
values were calculated: 



Sample 

0.1624 
0.2051 
0.4881 



s 

9.168 

ys 
0.1492 
0.4880 
0.4205. 



0.1808 



0.1767 



A diagram was made wherein the point with 
the co-ordinates Xg and ys and the three points, 
with the co-ordinates Xg ys for brown (y), red 
(r), and blue (b) were fixed. 

As indicated in Fig. 3 the values Uy;, Vy, u,.. 



35 



Brown (y) 
Red (r) 
Blue (b) 



u (mm) 
165.5 
6.3 
11.0 



A first imitation was made by means of 
the concentrations Ky,^, K,.i and Kb,i of the 
three dyestuffs. Its shade was. approximately 
the same as the shade of the sample but the 
dyeing was somewhat too weak. This was 
confirmed by the measured colorimetric values 



X 

Sample .2650 
First imitation .2860 



Y 2 
.2393 .0981 
.2537 .1050 



By means of these colorimetric values of 
the sample and of the imitation anid by means 
of the charaaeristic values of the sample the 
corrected characteristic values for the 
second imitation were determined according 
to the method for correction given above 



Brown (y) 
Red (r) 
Blue (b) 



ii(mm) 
171.0 
4.5 
12.2 



The second imitation was made with these 
correaed concentrations Ky o Kr,2 Kb,2. 

As shown by the measiu-ed colorimetric 
values, it was in good accordance wiili the 
sample 

X Y Z 
Sample .2650 .2393 .0981 

First imitation .2860 .2537 .1050 
Second imitation .2660 .2408 .0998. 

WHAT WE CLAIM IS: — 

1. A process for the manufacture of a 
colouring composition, which comprises mea- 
suring the reflectance charaaeiisdc (a function 
of the wavelength), throughout substantially 



Vr, and Vi, were measured and the values 
Pw Pr5 and Pi, as well as Ky.^, K^^i and Kbi 
were calculated according to the formulae 
given hereinbefore. 



v(nun) 

16.5 
156.2 
196.0 



P 

.909 

.0388 

.0531 



K.(g/1) 
13.40 
0.46 
1.40, 



1 m n 
Sample minus substrate 1.657 1.620 5.891 
correaed values 1.788 1.718 6.305 

For the graphic determination the necessary 
values were calculated as follows: 

Correaed values 9.811 .1823 .1751. 

The corrected values Xg and y^ were again 
inserted in the diagram. By measuring the 
correaed values u and v and the concentra- 
tions as correaed for the second amitation 
Ky,2 Kr,2 and Kb.s were determined as follows : 



v(mm) p K^Cg/l) 

16.0 .914 14.44 

157.0 .0279 0.35 

195.8 .0587 1.65 

the whole of the visible spectrum^ of a sample 
to be imitated and of one or more com- 
ponent colouring matters in known concentia- 
tioijj derivmg from each of the refleaance 
charaaeristics, by means of a function of the 
refleaance that is substantially proportional: 
to the concentration of colouring matter, a 
transformed function of the wave-length that 
is substantially propoortional to the concentra- 
tion of colouring matter^ replacing the reflec- 
tance charaaeristic in standard colorimetric 
ii^tegrals by the said transformed function, 
evaluating the resultant integrals and (in res- 
pea of the said component or components 
only) dividing the resulting values by the 
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ccmcaitrarioii of the respecaive component or 
components to give three charactensuc a>lon- 
mctric values for the sample and three charac- 
teristic colorimetric values for the or eacQ 
component colouring matter, calculating 
fassuming, if there are more than one com- 
ponent, that the dharacterisac colonmetnc 
valuK are additive) the cojicentration of the 
component or components required for the 
pro(hictioa of an imitation of the sample, and 
anploving the component or components in 
tiie calculated concentration or concentrations 
to produce a colouring composioon smtaWe 
for producing an imitation of tiie sample. _ 

2. A process as claimed in daim 1, wherrai 
the said function of the refleaance is the 
Kuhdka-Munk function. 

3 A process as claimed in claim 1, wherein 
the 'said function of the reEectance is the 
Kubelka-Munk function modified to take mta 
account die residual surface reflectance. 

4 A process as claimed in any one or 
daiins 1 to 3, wherein die refleaance d^rac- 
teristic of the substrate to be coloured is 
measured, there is derived from die refleaance 
chataaerisric, by means of die said funcnon 
of die reflectance, a transformed ^<^°%°^ 
the wave-lengdi and this tranrfoimed ftmmon 
is subtraaed from die transformed functioQ 
relating to the or each component colouring 
matter prior to integration or a charaaensnc 
colorimettic value is obtained for the undyed 
substrate and tiien subtracted from tiie charac- 
teristic colorimetric value for the or eacu 
component colouring matter. 

5 A process as claimed in any one of dauns 
1 to 4, wherein, in order to avdd metamenc 
shades, charaaeristic colorimetnc values are 
determined for tiie or each component colour- 
ing matter and for tiie samplejising at least 
two appredably different types of dlununanon. 

6 A process as daimed in daun 5, wherem 
the said two different types of fflumination are 
those designated A and G by the International 
Commission of Elumination. 

7 A modification of the process as daimen 
in iiny one of daims 1 to 6, wherem tiie 
characteristic colorimetric values of tiie sample 
are indirecdy determined by comparison of 

sample die samples of a colour atias 
of which the charaaeristic colorimetric values 

are known. , . 

8 A process as daimed m any one or 
daims 1 to 7, wherein tiie equation or s^^m 
of equations giving die concentration (rf tiie or 
eadi component colouring m atter to be used 



in tiie production of tiie imitation is solved 
graphicaUy by using a; diagram- showmg Je 
con5plem^tary o^lorimetnc values of 
colouring matters, die comp emmtary eolon- 
metric values of tiie sample bemg plotted 

*9^^°A process as claimed in any one of 
claiiis 1 to 8, wherein an imitation is pro- 
duced by using die colouring composition to 
colour a substrate and tiie measunng and 
computational procedure ^ . ^PP^^^^ 
imitation to yidd diaiactenstic colonmemc 
values of tiie imitation, tiie value of the con- 
centration of tiie or eadi component colouxmg 
matter is correaed to take jMo aoa>unt 
difference between tiie correspondmg diarac- 
teristic colcaimetric values of the sample and 
tiie imitation, respectively, and die or each 
component colouring matter is en:q>loyea m 
die correaed concentration to produce an 
improved imitation. _ , 

10 A process as daimed m any one of 
clainis 1 to 8, wherein an imitation is pro- 
duced by uang the colounng composition to 
colour a substrate and, for die purpose of 
obtaining correaed coQcentratKm values, the 
standard colour vahies (tristunulus values) of 
tiie sample and die imitation are daenmned, 
and an approximate awrection is earned om 
using tiie redprocal values of the smyterf 
^loSr values, ^stead of die said diaracterKUC 
colorimetric valuesi and die or eadi am- 
ponent orlouring matter is ^P}^f^^^ 
correaed concentration so obtamed to pro- 
duce an improved imitation. 

11 A process as damied in; daim 9 or 
daim 10, wherein die aytrection procedure 

is ^^"^^^'^j.jjj^ as daimed in any one of 
dain^ 1 ta 11, wherein diree compon^t 
colouring matters are used to produce die 
colouring composition. 

13 A process for the manufacture of a 
colouring composition substantiaUy as herem- 
before described. 

14. A process for the manufacture oi a 
colouring composition subsontially as des- 
cribed in the Example herem. 
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